Radiocarbon dating at CCN was exceptionally challenging given the poor preservation of protein. At the Australian National University, 11 bones/dentine were screened for nitrogen content. This provides an indication of whether protein, the major source of nitrogen in bone,
carbonate in tooth enamel was dated to obtain a minimum age for the burials and faunal remains in the surrounding midden, alongside calcined antler to ascertain the age of an unusual and apparently structured deposit over burial M133. A charred Canarium seed was also dated that was recovered between 20 and 30cm below the top of the midden or burial layer (context or layer 2). This sample material provides an accurate date. However, it is not a direct date on the burials, although within the burial layer, and may be affected by the mixture of deposits through the site.
Enamel and calcined bone are less porous and contain larger and more stable hydroxyapatite crystals than unburnt bone and dentine. However, all ages on these materials from Con Co Ngur are likely to be erroneously young. It is well known that radiocarbon dates on tooth enamel underestimate the true age of samples (Hedges et al. 1995 , Grün et al. 1997 , Zazzo 2014 as the pretreatment routinely applied does not remove all carbonate contaminants from the groundwater, most likely located in nanometer-sized pores in the structure (Wood et al. 2016 ). Calcined bone has been used to date cremated bone from the mid-Holocene age in northern Europe and, if an old-wood effect is taken into account, is often thought to give reliable age estimates (Lanting et al. 2001 , Olsen et al. 2008 , Zazzo et al. 2013 . However, even in temperate environments, calcined bone can give erroneously young ages (van Strydonck et al. 2009 ). Thus, calcined bone can be affected by diagenetic processes which are likely to be accelerated in hot and wet environments. Until further testing on known aged samples is carried out on material from such environments, ages should be considered potentially affected by diagenetic processes and thus be minimum age estimates.
A dremel drill was used to remove the dentine and exterior surface from the enamel and to clean soft material from any cracks prior to grinding to a fine powder in an agate pestle and mortar under ultrapure water and treating with acetic acid under a weak vacuum (1M/ 10-24 hours/ room temperature). In an attempt to improve the age estimate of the samples, two acid leach protocols were applied to two Bovid teeth (13CCN-407 and 13CCN-082). The first followed the protocol used for all samples in this study, using 1ml 1M acetic acid for every 50mg enamel. The second used twice the concentration of acid.
Before preparation for radiocarbon dating, FTIR spectroscopy was used to check the crystallinity of calcined antler. When calcined the splitting factor, a measure of the order of the phosphate crystals, increases to around 7 (Olsen et al. 2008) . Two antler fragments contained areas with a crystallinity index close to 7 and were treated for radiocarbon dating.
13CCN-951-2 had a blue-grey core with a splitting factor of 6.5 whilst 13CCN-949-950 had a white outer layer with a splitting factor of 6.9. After physical cleaning to remove the surface, white or blue-grey calcined material was removed with a drill, samples were soaked in 1.5% sodium chlorite bleach (pH3, 48 hours, c.10ml), rinsed in ultrapure water and treated with acetic acid following the method described for tooth enamel.
The charred Canarium seed was pre-treated using an acid-base-acid protocol. This involved . The charred seed was combusted in a sealed quartz tube with CuO wire and Ag foil. The CO 2 generated from both methods was cryogenically collected and purified before graphitisation over an iron catalyst in the presence of hydrogen. Graphite targets were measured in a single stage NEC AMS at the Australian National University (Fallon et al. 2010) . Dates have been calculated according to Stuiver & Polach (1977) and corrected using a δ 13 C value measured by AMS. Wood, et al. (2016) has shown carbonate contaminants probably sit between the apatite crystallites in tooth enamel, and are inaccessible to the acid. This means that additional leaching is unlikely to improve the age estimate.
It must be stressed that these dates most likely represent minimum age estimates. Each sample may be affected by a different amount of contamination, so it is impossible to establish how long the cemetery and midden may have been in use. The young dates on the two calcined antlers, found in close proximity to burial M133, are particularly pronounced.
Not only are the two dates inconsistent with each other, but they are nearly 1000 years younger than a date on enamel from burial M133. Known age calcined bone has not been dated from tropical environments, and the likelihood of diagenetic alteration is not clear. This work suggests alteration may be extensive.
One further factor to consider, given the presence of freshwater, estuarine and marine aquatic species present at the site, is the potential that the dates on human enamel are affected by a radiocarbon reservoir effect. This would make the dates appear older than they are when calibrated against the atmospheric calibration curve. However, it is unlikely that this is currently a significant problem as the dates on human teeth overlap in range with those on herbivorous faunal tooth enamel. If a radiocarbon reservoir is present, it appears to be overprinted by problems relating to diagenesis and contamination by young carbon.
The charred Canarium seed is older than all but one date on enamel, suggesting some use of the site in the early 7 th millennium. Given the mixed nature of the midden deposit, it is not clear how well associated this seed is with the burials. It does, however, support the hypothesis that the dates on enamel and calcined bone are likely to be too young. Figure S1 ; Radiocarbon dates on charred Canarium seed (red), calcined antler (green), human tooth enamel (grey) and faunal tooth enamel (blue). All except the seed are likely to be minimum age estimates. Samples have been calibrated against IntCal13 (Reimer et al. 2013) in OxCal c.4.2 (Ramsey 2009). Where two dates were undertaken on a single sample a chi squared test was undertaken to ensure the ages were indistinguishable at 95.4% probability, and the weighted average calculated. 1. The sample was dated using the same preparation protocol a second time to assess reproducibility.
2. The sample treated with a more rigorous acid leach prior to dating.
3. δ 13 C was measured on an AMS and is not equivalent to IRMS measurements 4. %C was measured volumentrically and is not as precise as IRMS measurements 
S4. Burial practices inferred through field anthropology
The mortuary practices at Cồn Cổ Ngựa were interpreted using L'Anthropologie de terrain or Field anthropology, a method which uses archaeological, osteological and taphonomic observations to understand and interpret the context in which individuals were interred as part of their associated mortuary practices (Duday et al. 1990 , Nilsson 1998 generally crossed in the abdominal area, the forearms either pronated or supinated. The movement of skeletal elements was a reflection of gravity, the secondary spaces created during soft tissue decomposition and the context in which they were interred. The majority of the femora, tibiae, fibulae and humeri maintained their stable position, while the smaller elements and labile joints in unstable positions moved, except for the feet which maintained anatomical integrity because they were stabilised at the base of the grave. There was movement observed among smaller elements of the labile joints, including the cervical vertebrae, the scapula-thoracic joints and the patellae for example, this indicates that soil did not continuously replace the soft tissues as they decomposed and with nothing to stabilise them in their unstable positions they moved. Constriction affects were also observed around the distal phalanges of the feet, which were often at a right angle and restricted within the limit of the pit. These observations are consistent with the individuals being wrapped before burial in a semidurable material. While most of the squatting burials were interred in small pits with a narrow diameter there was a range of positional variation among the squatting burials, some had fallen to either the left or right side, forwards or backwards. Despite this they maintained their anatomical squatting position as they moved, providing further evidence that they were wrapped and moved as a unit. However, there must have been secondary spaces created within these pits to allow this to occur. One possibility is that there were organic grave goods in these pits, for example, woven baskets interred adjacent to the individuals which created secondary spaces in which the individuals moved into during and 50% of >15 <19-year-old subadults were also treated in this manner. Chopping forces were sufficient to remove large flakes of cortical bone, which sometimes remained in situ. It is hypothesised that these may have been part of some postmortem manipulation and mutilation of the individuals, presumably related to community belief systems regarding death. It is also possible that the skulls were also removed due to the range of positional variation of the skulls, sometimes in inexplicable positions. At this stage this has not been investigated. It is likely that these rituals were undertaken before the individuals were placed into a squatting position and wrapped before being interred.
S5. CCN Characterisation of calcified cyst found with M59: Old Male
Fragments of an ellipsoid calcified object were found amongst the remains of Burial M59
post-excavation, in the bag of the pelvic bones. The object is smooth and light brown on the outer surface and the inner surface is chalky and white with a roughened surface. Due to its fragmentation, it is not possible to estimate the size of the complete object but one fragment which may be the end of the ellipse is no more than 2cm in diameter and the walls range in thickness from 1mm -3mm ( Figure S5 .1).
Macroscopic appearance and light microscopy
Images of the probable cyst were taken at various magnifications using an Olympus SZX7 stereo microscope (Department of Archaeology and Anthropology), a Zeiss Sigma VP FEG SEM and a JEOL 6700F FE-SEM (Otago Centre for Electron Microscopy). Arrow is pointing to saddle/shoulder that might show where a daughter cyst was forming.
The outside of the object is smooth and dense to the naked eye but low powered light microscopy reveals an irregular latticing is visible ( Figures S5.1 and S5 .2). The inner surface is highly irregular, friable and chalky in appearance ( Figure S5 .3). These morphological features of the object suggest is a calcified cyst and light microscopy also shows at least two distinct layers in the calcified wall ( Figure S5 .4). Komar and Buikstra (2003) describe the causes of various types of mineralised masses and the means for differentiating them in archaeological material. Based on these descriptions and given the small, hollow and ellipsoid morphology of the CCN cyst, several malignant and benign aetiologies can be safely ruled out. Further, this cyst was found in the pelvic area and the sex of the M59 is male -so the range of possibilities could be reduced to idiopathic intrapelvic calcification (non-ovarian due to male sex) or a possible hydatid cyst. However, as this burial was seated rather than lying flat, the source of the cyst could be from any visceral organ, including the lungs. Calleja et al. (2017) also present an exhaustive differential diagnosis of calcified cysts which is outside the scope of the current description.
Diagnosis of the cyst
However, the dual layers of the cyst wall and the lack vascularisation present in the CCN cyst likely represent the asexual life cycle of a parasite than tumor genesis (Komar & Buikstra 2003) .
These features taken together strongly suggest this object is a cyst formed by the and moose and reindeer in North America and Eurasia. This cervid strain may be the more likely cause of hydatids disease in the CCN population and is also implicated in an archaeological case from Neolithic Siberia (Waters-Rist et al. 2014) . Interestingly, it is characterised by mostly pulmonary disease and is clinically less important that other strains (Moro & Schantz 2009 ).
An hydatid cyst is constructed of three layers; the endocyst is formed of the germinate and laminate layers on the internal aspect produced by the parasite, the exocyst superficial to these layers represent the human granuloma reaction to the pathogen, and the pericyst which is the most external layer combining the endocyst and exocyst forming a completely acellular outer layer (Brunetti et al. 2010 , Díaz et al. 2011 . The highly irregular morphology of the inner surface may also represent the remnants of septa associated with daughter cysts or multiplication within the endocyst.
The EDS results from the cyst outer layer are in keeping with a combined calcium phosphate matrix likely formed in vivo in a composition such as that expected of the pericyst (Calleja et al. 2017) . While calcification of cysts is not restricted to later stages of parasite maturation, 
